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FIELD OF THE INVENTION 

[0001] The present invention relates generally to fiber optic transceiver modules, 
and more particularly, to lens/mirror configurations within fiber optic transmitter 
optical sub-assembly (often referred to as T-OSA) modules. 

BACKGROUND OF THE INVENTION 

[0002] In conventional fiber optic transceiver modules, it is common to use a 
photodetector to monitor the output of the transmitting laser. Usually, the 
transmitting laser beam is partially reflected back onto the photodetector by way 
of a semi-transmissive mirror (also known as a semi-reflective window.) The 
mirror is placed between the laser and the focusing lens such that the light from 
the laser hits the mirror first, thus reflecting a portion of the light onto the 
photodetector. This reflected light is sensed by the photodetector and used to 
provide feedback to the laser driver. In this manner, it is possible to monitor the 
power output of the laser and adjust it to compensate for variations in laser output 
power due to, for example, temperature changes in the environment in which the 
laser is operating. The light that is not reflected travels through the mirror and 
strikes the lens, where it is focused on an optical fiber. This type of construction 
is especially true for most fiber optic transceivers using surface emitting lasers 
such as VCSELs. 

[0003] There are currently several known configurations used by fiber optic 
transceiver module manufacturers in placing the mirror relative to the optical axis 
(i.e. in the direction of the propagated light) of the module. In a first known 
configuration, the surface of the semi-transmissive mirror is located between the 
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laser and the lens such that light strikes the mirror normally (i.e. perpendicular to 
the optical axis.) Light reflecting off a mirror in this configuration will be 
directed back towards the laser source. Consequently, the monitor photodetector 
must normally be placed under the laser. Also, in this configuration, reflected 
light will strike the laser source as well as the monitor photodetector. This light 
from the laser reflecting back to the same laser is normally undesirable and may 
cause increased noise (normally referred to as Relative Intensity Noise or RIN for 
short) in the transmission signals. Another disadvantage is that since part of the 
reflected light will strike the laser and that the laser is normally placed on top of 
the photodetector, not all the reflected light gets to the monitor photodetector 
(leading to reduced efficiency). 

[0004] In a second known configuration, the semi-transmissive mirror may be 
placed at an angle to the optical axis. In this configuration, light reflecting off the 
mirror will be directed away from the laser source and onto the monitor 
photodetector, which is normally located next to the laser source, and the distance 
between the two depends on the angle of the mirror. One disadvantage of this 
configuration is that the monitor photodetector must be made larger in order to 
capture all the reflected light. However, this is normally difficult to achieve. 

[0005] A disadvantage of conventional designs of fiber optic transmitter optical 
sub-assembly (or T-OSA) is in the complexity of the mirror and lens assembly, 
e.g., normally, the mirror and the lens must be positioned separately. Another 
disadvantage is in the relatively large size of current assembly modules, due in 
part to the need for a relatively large monitor photodetector. 
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[0006] Therefore, an integrated focusing lens and reflector that reduces the 
number of process steps, improves assembly tolerance, is more tolerant to 
temperature change, better controls and focuses reflected light to a monitor 
photodetector, and provides a significantly smaller lens/reflector system, is 
needed. 
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SUMMARY OF THE INVENTION 

[0007] To achieve the foregoing, and in accordance with the purpose of the 
present invention, an integrated focusing lens and mirror is disclosed. The 
integrated structure includes a lens fabricated from a single monolithic block of 
optically transparent material and can be injection-molded out of a plastic or a 
polymer material such as Ultem® materials made by GE Plastics. The lens 
includes a transmissive region (at the center of the lens/mirror system) that is 
designed to focus light from a laser source onto an optical fiber. The lens also 
includes a reflective region that is designed to reflect the light falling outside of 
the center transmisive region (i.e. farther away from the center of the lens/mirror 
systen) back to a monitor photodetector. The outer portion of the lens can be 
made reflective by coating the surface with a reflective material. 

[0008] In another embodiment, a plurality of lenses are grouped together, where 
each lens is formed from a separate monolithic block and one portion of each lens 
has a transmissive region and the other portion has reflective region. Alternately, 
the entire group of lenses may be formed from a single monolithic block. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention, together with further advantages thereof, may best be 
understood by reference to the following description taken in conjunction with the 
accompanying drawings in which: 

[0010] Figure la illustrates a side view of a lens system according to the present 
invention. Figure lb illustrates a perspective view of the lens system shown in la. 

[0011] Figure 2 illustrates a simple control circuit used to drive and control the 
output power a light source (i.e. laser). 

[0012] Figure 3 illustrates a side view of an array of lenses according to one 
aspect of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0013] While the present invention will be described with reference to a few 
specific embodiments, the description is illustrative of the invention and not to be 
construed as limiting the invention. The various modifications to the present 
invention can be made to the preferred embodiments by those skilled in the art 
without departing from the true spirit and scope of the invention as defined by the 
appended claims. 

[0014] The present invention pertains to a lens system for use in a fiber optic 
transceiver module or any optical systems where optical feedback from a source 
to a monitoring detector is necessary. 

[0015] One embodiment of the present invention is shown in a side view in figure 
la and a perspective view in figure lb. A lens 100 and a light source 150 are 
configured such that a light beam from light source 1 50 is directed towards lens 
100. Lens 100 is fabricated from a single, monolithic block of transparent 
material. Lens 100 has a reflective region 130 that surrounds a transmissive 
region 1 10. Light source 150 (i.e., a solid-state laser such as VCSEL) generates a 
divergent light beam, which for the purposes of this application, will be described 
in terms of the paths of individual light rays 105. Light source 150 is arranged in 
relation to lens 100 such that individual light rays 105 strike either transmissive 
region 1 10 or reflective region 130. Light rays 105 that strike transmissive region 
1 10 are focused by lens 1 00. Focused light rays 1 05' are shown striking the end 
face 120 of an optical fiber 125. 
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[0016] Light rays 105 that strike reflective region 130 are reflected towards a 
photodetector 140. In figures la and lb, reflective region 130 is curved in order 
to focus the reflected light onto a small area. The curvature of reflective region 
130 allows the use of a smaller photodetector then would be possible using a flat 
reflective region, which would not focus the reflected light. It is understood that 
reflective region 130 may or may not be curved and that photodetector 140 may 
be found in other locations then shown in figure la. For example, in alternate 
embodiments of the invention (not shown), reflective region 130 is substantially 
flat. 

[0017] As noted above, lens 100 is preferably constructed of a single piece of a 
substantially transmissive material. The material may be glass, fused silica, 
plastics, silicon, etc. However, the foregoing list is not intended to be exhaustive, 
and persons having ordinary skill will recognize that other materials are possible. 
Additionally, while single piece construction is preferred, the lens may be made 
up of multiple smaller pieces. 

[0018] In figures la and lb, the radially centered region of lens 100 remains 
transmissive, while the region surrounding transmissive region 1 10 is made 
reflective. Other configurations are possible, such as where the curved 
transmissive surface is on the opposite side of the reflective surface, as will be 
recognized by those skilled in the art. 

[0019] Various well-known procedures may be used to create reflective region 
130, for example sputtering, coating, etc. Additionally, various reflective 
materials such as metals may be used. 
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[0020] Figure 2 illustrates a block diagram of a control circuit used to drive and 
control the output power of a light source. 

[0021] A light source 150, for example a VCSEL, is connected and driven by a 
laser driver IC 170. Light source 150 generates a divergent light beam, which for 
the purposes of this application, will be described in terms of the paths of 
individual light rays 105. Light rays 105 either strike reflective region 130 or 
transmissive region 110. The reflected light rays 105' strike a photodetector 140 
that converts the reflected light 105' into an electrical signal, and sends this signal 
to a control feedback circuit that is part of the laser driver circuitry 170 that, in 
turn, controls the amount of current that laser driver 170 supplies to light source 
150. 

[0022] In one embodiment of the invention, light source 150, lens 100, 
photodetector 140, and the control circuit of figure 2 are all contained in a single 
package or housing (not shown). The housing has an opening or receptacle at one 
end to receive a fiber optic cable and pins or leads connection for connecting to 
other outside circuitry. In another embodiment, light source 150, lens 100, and 
photodetector 140 of Figure 2 excluding laser driver 170 are contained in a single 
package (not shown). In this embodiment, laser driver 170 normally resides on a 
separate printed circuit board (PCB). 

[0023] One advantage of the invention as described in figures la-b and 2 is a 
reduction in size over conventional fiber optic transceiver modules. There are 
also fewer parts in each module since the mirror (reflective region) and the lens 
are integrated. Referring again to figure la, it is apparent that reflective region 
130 is curved so as to focus reflected light, making it possible to use a smaller 



NSC 1 P288/JWR/JEB 



8 



monitor photodetector 140, further reducing the overall size of the module. 
Because lens system 100 is fabricated as a single piece, it is possible to produce 
higher quality fiber optic transceiver modules at a lower cost. Also, unlike most 
conventional lenses arrangements in fiber optic transmitters where there is no wa; 
to control the size of the beam striking the lens (no aperture), the present 
invention has the advantage of a fixed window aperture. By way of explanation, 
looking at figure lb, it is clear that reflective region 130 acts as an aperture by 
controlling the size of the beam that enters transmissive region 110. 

[0024] A module containing an array of lens systems and associated light source 
array and monitor photodetector array is shown in figure 3. Lens array 300 is 
constructed of two or more lenses 310, each lens 310 preferably of the type 
described in figure la, above. Each lens 310 is associated with a corresponding 
light source 320, and a corresponding photodetector 330. Furthermore, light from 
each light source 320 is focused on a corresponding fiber optic cable 340. Light 
sources 320 are laser diodes, such as VCSELs. Lens array 300 is formed from a 
single monolithic block of optically transparent material. However, other 
configurations are possible, as will be recognized by those skilled in the art. 
Fiber optic modules using an array system are commonly referred to as parallel 
optic transceivers. 

10025] Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. For 
example, different shaped lenses, different configurations of multi-lens modules, 
and various implementations of control feedback circuitry. Therefore, the 
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described embodiments should be taken as illustrative and not restrictive, and the 
invention should not be limited to the details given herein but should be defined 
by the following claims and their full scope of equivalents 



NSC 1 P288/JWR/JEB \Q 



